Introduction
Notable advances in pedological research were reached in the 1990s, after a period of stagnancy, when a significant search for a rational use of natural resources and the equilibrium of biogeochemical cycles took place. In this way, monitoring and evaluation of soil resources began a new age, due to the quality of information derived from new technologies as geographical information systems (GIS) and remote sensing. Tayari et al. [1] discussed the relation among GPS, GIS, and precision agriculture (PA).
These technologies also contributed to improve precision viticulture, that is, "precision farming (or PA) applied to optimize vineyard performance, in particular maximizing grape yield and quality while minimizing environmental impacts and risk" [2] . According to McBratney et al. [3] "the definition of precision agriculture is still evolving as technology changes and our understanding of what is achievable grows. Over the years the emphasis has changed from simply 'farming by soil' , through variable rate technologies, to vehicle guidance systems and will evolve to product quality and environmental management". Actually, in a more contemporaneous definition, "PA is a whole-farm management approach using information technology, satellite positioning data, remote sensing and proximal data gathering. These technologies seek improving returns on inputs while potentially reducing environmental impacts. The state-of-the-art of PA on arable land, permanent crops and within dairy farming are reviewed, mainly in the European context, altogether with some economic aspects of the adoption of PA" [4] .
SCORPAN model for soil mapping considers the pedological parameters as a mathematical function evolving several factors: soil, climate, organisms (microorganisms, vegetation, or land use), relief, parent material, age, and spatial position [5, 6] . McBratney et al. [5] mentioned three main scales in pedometry: Soils are mainly components of "terroir" in viticulture [7] ; however their survey is expensive and there is no direct relation to the type of wine. Cheaper methods of survey would be provided by the "geological model" or the "geomorphological model." Anyway, the mapped units do not agree with the classes of soil occurring in a vineyard due to scale problems, although there are agronomic variations intraunits of soil, according to small organic matter content changes or oscillations of horizon thickness. By this reason, new technologies must be used, as for instance digital elevation models, GIS, electric resistivity measures or remote sensing, aiming an efficient survey for the management of viticulture.
From a geospatial perspective, Flores et al. [8] considered each class of soil a management zone. However, FilippiniAlba et al. [9] integrated the classes of soil from the three vineyards by similarity, location and practical reasons, in five management zones. In that sense, Filippini-Alba et al. [10] implemented a microzoning in one vineyard, based on four variables: (1) content of clay; (2) organic matter level; (3) saturation of bases; (4) stoniness. Preferential class of aptitude was 150-350 g⋅kg −1 , <2.5%, 20-49%, and <0.5% for (1) to (4), respectively, and locates mainly on CXve 2 and CXve 3 units, northern part of the vineyard. Coincidence within management zones is not exactly but is very similar.
Several papers discuss the effects of phenolic compounds in wine [11] , but the amount of papers is significantly reduced if the influence of soil on phenolic compounds is considered. A diversity of taxonomic classes is associated with the vineyards of Vale dos Vinhedos, which change radically in a tiny scale occasionally. These changes affect the content of phenolic compounds in the wine produced [11, 12] . Grenache noire vines planted with water or nitrogen restriction are related to grapes enriched with sugars and anthocyanins levels [13] . Moreover, the authors concluded that the type of soil does not affect the quality of grapes; however, this property would be associated with soil depth.
The previous developing suggest several questions related to the management of the vineyard and the use of geospatial modeling from a precision agriculture (PA) perspective or the application of a more realistic approach, including management zones defined by conventional soil mapping or GIS modeling. On the one hand we have the precision of geotechnologies and the horizontal geospatial variability; on the other hand we have the recognized pedological model, where the analysis of the vertical variability and the associated cycle of water have provided so many benefits for agriculture. These approaches are discussed in some way in this paper considering three vineyards located on Vale dos Vinhedos, Bento Gonçalves, Rio Grande do Sul state, in southern Brazil. Some more specific objectives/questions are the following.
(1) Soil mapping is an expensive procedure, costly, and time consuming; is there some technique with the same level of efficiency and cheaper in the perspective of PA? (2) Geospatial analysis and GIS procedures are related to PA, but standard procedures for interpolation and fusion data are generally absent from bibliographies. A specific method in that sense is presented and discussed here. (3) How are soil units related to viticulture variables?
Material and Methods
The three vineyards were established with Merlot grapevine, clone 347, grafted on the 1103 Paulsen rootstock. Two of them were established in 2005 (vineyards 1 and 3) and the remaining vineyard was set up in 2006 (vineyard 2). Grapevines were vertical trellised and spur-pruned. The total area covered by vines was 2.42 ha.
The vine rows and 249 plants inside the vineyards were registered with a Sokkia SET 610 total station and a Sokkia GSR 2600 GPS receiver, in the way that maps of altimetry and slope were elaborated. Then, a regular network with cells of 10 m × 10 m was also delineated, which was used as reference for the pedological survey and superficial soil sampling. Coordinates of four strategic points were performed with the GPS receiver, because, in this case the reception time is too long for measure of full positions. Then, the total station was used for measure distances and angles, thus, the other coordinates and altitudes were calculated. WGS 84 was used as a reference system. Four trenches were opened for sampling soil profiles, including all horizons up to 150 cm deep. The soils were classified [8] according to the Brazilian System of Soil Classification [14] .
Superficial soil samples were collected with a shovel cutting, near the marked vines for the Ap horizon in January, 2011: 28 samples in vineyard 1; 54 samples in vineyard 2; and 26 samples in vineyard 3.
Physical and chemical analyses were performed on the Soil Laboratory at Universidade Federal do Rio Grande do Sul (UFRGS). The following variables were evaluated: pH; Al, Ca, Na, K, and P (exchangeable) contents; cationic exchangeable capacity (CEC); coarse fraction (pebbly and gravel); granulometric composition (coarse sand, fine sand, silt, clay, and flocculation degree); organic carbon; and nitrogen. Methods of soil analysis included physical separation, soft extractors for exchangeable elements, dichromate in acid media for organic C and Kjeldahl method for total N. All these methods are detailed by Embrapa [15] .
Data were organized and integrated on the software ArcGIS [16] as information lawyers. Analysis of variance (ANOVA) and related procedures were processed in SPSS software [17] , considering groups defined by the superficial samples of soil inside each class of soil. The semivariograms of each nutrient and the granulometric classes were processed with GS+ [18] . The spherical model adjusted the semivariograms of most of the variables, with reach of 129 m prevailing. pH and Al and P content showed nugget effect. Then, the spatial parameters were inserted on ArcGIS and kriging was applied for each variable, except for Al, P, and pH, when the inverse distance weighted interpolation was used. The six nutrients (Ca, C, K, Mg, N, and P content) and the granulometric variables (clay, silt, fine sand, and coarse sand) were integrated in digital files of six and four information lawyers, respectively. Thus, unsupervised classification by maximum likelihood method was applied on each file by means of ER-Mapper [19] . Afterwards, data were edited and organized in accordance with the integrated level of enrichment of nutrients or fine fractions (clay, silt and fine sand), expressed in percentage.
A new map of management zones was elaborated by overlapping both maps mentioned before, by visual appreciation, taking into account the necessity of condensed information for industrial processes (winemaking).
Results and Discussion

Soils Survey.
Soils legend discriminates three classes of soils in level of order that represent ten mapping units (Table 1) . Correspondence between the Brazilian System of Soil Science (SiBCS) and Soil Taxonomy (US) is an adaptation, because Argissolo, Cambissolo, and Neossolo are considered as Entisol, Inceptisol, and Ultisol, respectively, but the terms do not have the same meaning exactly. Thus, Brazilian terms were used. The mapping units are different due to the fourth or fifth category level, mainly by Al saturation, bases saturation, texture, stony and phases of relief. These classes occupied 26.03%, 34.71%, and 39.26% of the total area of the three vineyards, respectively.
The spatial distribution of the units of soil is represented in Figure 1 . The image of satellite in background show direction E-W for vines in the vineyards 1 and 2, but direction of vine lines is N-S for vineyard 3.
Mapping units PBACal refer to soils with textural B horizon, immediately below A horizon in this case, with high content of clay, grayish brown color, and Al enrichment in several horizons (Table 2) , thus with alic condition. The profiles 2 and 4 (PBACal) were studied up to 1.5 m deep, with enrichment in Ap horizon for bases content, organic C, N, and P, as well as differences in declivity and texture (Table 1) . BC horizon is intermediary between a B horizon and a C horizon, but with prevalent materials from B horizon. Abrupt condition of units PBACal 2 and PBACal 3 refers to the occurrence of high content of clay in B horizon, deriving on strong differentiation between horizons A and B.
Each class of soil showed different sequence of horizons, but Ap horizon, a superior A horizon plow or removed, occurred in all cases. Mapping unit RRh 4 of Neossolo is in accordance with Ap1 and Ap2. Argissolo (PBACal,) have a subdivision for B horizon in deep, with accumulation of clay (Bt1 and Bt2). Cambissolo (CXve 3,) has an intermediary horizon AB and in sequence, an incipient B horizon (Bi) and a BC horizon. PBACal 2 and 3 units have abruptic condition due to the occurrence of more clay in B horizon than in A horizon, with strong contrast between these two horizons.
From a physicochemical point of view, Cambissolo and Argissolo are different between them, mainly for Al saturation, bases content and clay content ( Table 2) . These soils had greater organic matter than Neossolo, with significant gravel in this case. About declivity, Argissolo ranged from 3% to 20%, Cambissolo ranged from 13% to 45%, and Neossolo ranged from 3% to 45%, this one with the greatest variation. This feature, associated with texture, affects significantly the dynamic of water circulation through the different edaphic horizons.
High contents of Cu, Mn, P, and Zn in the superficial horizons of the three classes of soils, when compared to the subsuperficial horizons, suggest a strong influence of the local viticulture management.
Water storage capacity (WSC) was different for each horizon and profile, suggesting strong dependence with climate. For instance, CXve3, PBACal2, and PBACal1 have good storage capacity for subsuperficial horizons, but RRha does not show a good storage capacity. So, vines production may be impaired for dry climate in the case of RRha; contrariwise, production may be improved for wet climate. An opposite situation can happen for the remained soils. 30% and 35%, the mean located near the half of the range of variation (Table 3) . Statistics were processed for each class of soil including homogeneity and analysis of variance or ANOVA (Table 4 ). All variables showed significance lesser than 15% for variance homogeneity test with the exception of coarse sand and pH. Thus, precision of ANOVA test would be affected by both variables. Anyway, all variables were significant for ANOVA test at level of 5%, so, in general terms, at least one mean of the classes of soils is different to the other ones.
Superficial Soil Data Processing
Variation of the means is represented by line graphs (Figure 2 ). Main variations occur among classes of soil (Argissolo, Cambissolo, and Neossolo); however softer variations happen within the classes, suggesting declivity differences or degree of stoniness because these two parameters affected differences among classes.
Geospatial Analysis of Superficial Soil Data.
Semivariograms were adjusted mostly by the spherical model and the predominant reach was 129 m. The spatial distribution of the granulometric variables (clay, silt, fine sand and coarse sand) in the Ap horizon is shown in Figure 3 . A sudden transition from vineyard 2 to vineyard 3 is observed for clay, silt and fine sand, thus, result of soil map is confirmed (Figure 1) . Separation between Cambissolo and Neossolo in vineyard 2 also appears in Figure 3 , as well as the high clay content related to Argissolo.
Spatial distribution of nutrients (Ca, C, K, Mg, N, and P) in the vineyards 1, 2, and 3 is showed in Figures 4, 5 , and 6, respectively. P was constant in vineyard 1 and C and N were very similar in the three vineyards. The greatest variability for C, Ca, Mg, N, and P was associated with vineyard 3.
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Data Integration of Geospatial Data.
Map of integrated granulometric variables in Ap horizon overlapped partially conventional map of soils (Figure 7) . Vineyard 1 was divided into two parts in direction E-W, with local variations, perhaps related to transition among edaphic units. A spot with content of clay + silt + fine sand from 700 to 750 g⋅kg −1 in vineyard 2 may be associated with Cambissolos (CXve1, CXve2, and CXve3) and the transition to Neossolo (RRha), with diagonal geometry suggesting the influence of slope, very strong in this zone. Argissolo was well characterized in vineyard 3 but the same did not happen to Neossolos (RRh1, RRh2, and RRh3).
The western part of vineyard 1 and the northern part of vineyard 2 showed similar spatial distribution of low values of nutrient content in Ap horizon (Figure 8 ). Then, a moderate zone in nutrient content was established, including the northern half of vineyard 3. The remaining half of vineyard 3 showed significant increase in nutrient content, mainly organic matter, Ca and Mg. According to the present land use, there is a woodland on the lateral part of the vineyard 3 (Figure 1 ), then perhaps part of the wood was removed before grapevines were cultivated. This may explain increase in organic matter but enrichment of alkaline earth elements seems to be associated with fertilization.
The map management zones ( Figure 9 ) was elaborated by overlapping the maps of Figures 7 and 8 . This map and previous maps [9, 10] were elaborated with different methods or based on different variables, but final result is similar. Conventional soil maps evaluate circulation of water and nutrients to all horizons, usually up to 1.5-2.0 m deep, evolving subsuperficial variability. On the other hand, the maps based on superficial sampling (Ap horizon) do not include that dimension but a significant analysis of horizontal variability.
Final Remarks.
Pedological maps and superficial soil maps overlap partially, perhaps due to their complementary 
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Perhaps, an integration of information lawyers, from an PA perspective, would be more efficient way to define management zones. However, the ideal set of variables must be found.
Addressing the specific questions mentioned in the introduction of this paper. Several authors mentioned the influence of soil depth on grape quality; however the type of soil would not be an affecting factor in that sense. Some results of the present work suggest the influence of declivity that altogether with soil depth and other parameters control the water cycle of soil, therefore, the relation between soil and grapevines. Hence, geotechnologies represent exceptional tools to support precision agriculture, improving the knowledge of the horizontal variability obtained from soil research, but a vertical component must be incorporated. The superficial sampling of soil must be complemented with a digital elevation model and the study of depth of soil and texture of subsuperficial horizons. In that sense, studies on apparent electrical conductivity represent a good option, since, data in two depths are supplied [20] .
(2) Geospatial Analysis and GIS Procedures Are Related to PA, but Standard Procedures for Interpolation and Fusion Data Are Generally Absent of Bibliographies. A Specific Method in That Sense Is Presented and Discussed
Here. A method of fusion data was used, including geostatistical processing and unsupervised classification of nutrient data and texture data. A final map of management zones was constructed by observation and synthesis. There was coincidence with previous management zones [9, 10] , but local differences and variations from each methodology were observed. Correlation between the management zone map produced by this work and the conventional soil map [8] was weak in that sense. Management zones must be conferred according to grapes quality or derived wines, but in this work only the edaphic parameters were considered. Consequently, a new challenge will be the integration of these other kinds of data with information discussed here.
(3) How Are Soil Units Related to Viticulture Variables?
Shallow soils provide few water and nitrogen to vines. Consequently, the yield of the vineyard is reduced and the quality of berries is improved. In the present study, this situation was corroborated by Neossolo RRh 4, which occurred with scarce depth (Table 2) . A similar status would be expected for units RRh 1 and RRh 3; nevertheless, they had high levels of nutrients, as explained before.
